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CONTROL METHOD OF EGR SYSTEM OF ENGINE 



Technical Field 

The present invention relates to a method for controlling 
5 an EGR rate in accordance with an operational state of an 
engine in an EGR system of the engine. 

Background Art 

10 Conventionally, in an EGR control of an EGR system of 

an engine, there is the one that sets a target EGR rate for each 
operational state constituted of, for example, an engine speed, 
an engine load such as a fuel injection rate and an acceleration 
opening degree, and conducts a control of an opening degree of 

15 an EGR control valve to attain the target EGR rate. However, 
such a control cannot cope with a change in air density during 
an operation on, for example, a highland, and therefore smoke 
and exhaust fine particles (PM) are increased due to a too large 
amount of EGR, or a sufficient NOx reduction effect cannot be 

20 obtained due to a too small amount of EGR in some cases. If 
EGR is carried out when the fuel injection rate is rapidly 
increased at the time of rapid acceleration or the like, an excess 
air ratio is sharply reduced, and there arises the problem of 
smoke and PM being increased. Due to this, EGR is 

25 conventionally reduced at the time of rapid acceleration or the 
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like. However, with this method, EGR is reduced more than 
necessary, or the EGR amount becomes too large due to 
overshooting on the other hand, which makes it impossible to 
cope with the difference in the environmental condition or cope 
5 with the circumstance of the transient operation, and therefore 
there arises the problem that a sufficient effect cannot be 
obtained. As the solution to these problems, for example, 
Japanese Patent Laid-open No. 9-53519 discloses an exhaust 
gas recirculation control apparatus of an internal combustion 
10 engine. 

According to the above-described Japanese Patent 
Laid-open No. 9-53519, the operational state of the engine is 
detected to set the target EGR rate, then, an intake air flow rate 
is detected, and the target EGR amount taken in a cylinder is set 

15 based on the target EGR rate. The valve opening degree of the 
EGR control valve is controlled based on the target EGR 
amount. As a result, even if the environment changes and an 
amount of intake fresh air changes, the control to attain the 
optimal EGR rate can be performed. Predetermined advance 

20 processing is performed for the set target EGR amount to set a 
command EGR amount, and the EGR control valve opening 
degree is controlled based on this, whereby the influence of 
delay in response is also reduced at a transient operation, and a 
control to attain a favorable EGR rate can be performed. 

25 However, according to the above-described method, the 
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intake air amount is detected, and the EGR valve opening 
degree is controlled based on this. Consequently, a delay 
occurs at the time of rapid acceleration and to a rapid load 
variation, and there is the fear that a favorable EGR control is 
5 not performed. 

Summary of the Invention 

The present invention is made in view of the 

10 above-described problems, and has its object to provide a 

control method of an EGR system of an engine, which is capable 
of coping with an environmental change and effectively 
performing an EGR control at a time of rapid acceleration. 

In order to attain the above-described object, a first 

15 aspect of a control method of an EGR system of an engine 
according to the present invention is a control method of an 
EGR system for recirculating part of an exhaust gas into an air 
supply circuit via an EGR valve provided at an EGR passage for 
connecting the air supply circuit and an exhaust circuit of an 

20 engine, and includes the steps of (a) obtaining, at each 

predetermined time interval, a flow rate of air, which is taken 
into the engine in an operational stale at the time; (b) delecting 
an engine speed, a fuel flow rale, and a difference in pressure in 
front of and behind the EGR valve, in the operational stale; (c) 

25 obtaining a largel EGR valve opening degree in the operational 



4 

stale from relationship of the target EGR valve opening degree, 
which is previously set, corresponding to the detected engine 
speed and the delected fuel flow rate; (d) obtaining a virtual 
EGR gas flow rate from the detected pressure difference and the 

5 target EGR valve opening degree in the operational stale; (e) 
obtaining a virtual EGR rate from the obtained air flow rate, the 
detected fuel flow rate, and the virtual EGR gas flow rale; (f) 
obtaining a target EGR rate in the operational slate from 
relationship of the target EGR rate, which is previously set, 

10 corresponding to the detected engine speed and the delected 
fuel flow rale; (g) obtaining an EGR valve opening degree 
correction coefficient in the operational stale from relationship 
of the EGR valve opening degree correction coefficient, which 
is previously set, corresponding to a difference or a ratio of the 

15 virtual EGR rale and the target EGR rale; (h) obtaining a 

command EGR valve opening degree to be used for an actual 
control from the EGR valve opening degree correction 
coefficient in the operational state, and the target EGR valve 
opening degree in the operational state; and (i) operating an 

20 actuator for driving the EGR valve to attain the command EGR 
valve opening degree. 

According to the above method, the intake air flow rale 
in the predetermined operational state is detected, the virtual 
EGR rale is arithmetically operated, the difference from or the 

25 ratio to the target EGR rate is obtained, the EGR valve opening 
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degree correction coefficient is obtained from the difference or 
the ratio to obtain the command EGR valve opening degree, 
whereby the EGR valve is driven. Accordingly, the target 
amount of the EGR gas can be supplied in accordance with the 

5 environmental condition, thus making it possible to reduce 

smoke and obtain sufficient NOx reduction effect. At the time 
of starting rapid acceleration, smoke can be reduced by opening 
the EGR valve at a proper time, and supplying the necessary 
EGR gas, and the EGR valve opening degree is corrected to 

10 make it possible to prevent overshooting and set the EGR rate 
within the target range, thus making an effective EGR control 
possible. 

A second aspect of the control method of the EGR 
system of the engine according to the present invention is a 

15 control method of an EGR system which has an EGR valve 

provided at an EGR passage for connecting an air supply circuit 
and an exhaust circuit of an engine, a bypass circuit for 
connecting the air supply circuit and the exhaust circuit to 
equalize air supply pressure and exhaust pressure, and a bypass 

20 valve provided at the bypass circuit, and recirculates part of an 
exhaust gas into the air supply circuit via the EGR valve, and 
includes the steps of:(a) obtaining, at each predetermined time 
interval, a flow rate of air, which is taken into the engine in an 
operational slate at the time; (b) detecting an engine speed, a 

25 fuel flow rate, and a difference in pressure in front of and 



6 

behind the EGR valve, in the operational slate; (c) obtaining a 
target EGR valve opening degree in the operational state from 
relationship of the target EGR valve opening degree, which is 
previously set, corresponding to the detected engine speed and 
5 the detected fuel flow rate; (d) obtaining a virtual EGR gas flow 
rate from the detected pressure difference and the target EGR 
valve opening degree in the operational state; (e) obtaining a 
virtual EGR rate from the obtained air flow rate, the detected 
fuel flow rate, and the virtual EGR gas flow rate; (f) obtaining a 
10 target EGR rate in the operational state from relationship of the 
target EGR rate, which is previously set, corresponding to the 
detected engine speed and the detected fuel flow rate; (g) 
obtaining a bypass valve opening degree correction coefficient 
in the operational state from relationship of the bypass valve 
15 opening degree correction coefficient, which is previously set, 
corresponding to a difference or a ratio of the virtual EGR rate 
and the target EGR rate; (h) obtaining a target bypass valve 
opening degree in the operational state from relationship of the 
target bypass valve opening degree, which is previously set, 
20 corresponding to the detected engine speed and the detected 
fuel flow rate; (i) obtaining a command bypass valve opening 
degree to be used for an actual control from the bypass valve 
opening degree correction coefficient in the operational state, 
and the target bypass valve opening degree in the operational 
25 state; and (j) operating an actuator for driving the bypass valve 
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to attain the command bypass valve opening degree. 

According to the above method, in addition to the air 
supply circuit, the exhaust circuit, the EGR passage and the 
EGR valve of the above-described first method, the bypass 
5 circuit for connecting the air supply circuit and the exhaust 
circuit, and the bypass valve provided at the bypass circuit are 
further included. After the same steps (a) to (f) as the first 
method, the difference or the ratio of the virtual EGR rate and 
the target EGR rate are obtained, and the bypass valve opening 
10 degree correction coefficient is obtained from the difference or 
the ratio to obtain the command bypass valve opening degree to 
thereby drive the bypass valve. As a result, the bypass valve 
can be opened by a necessary amount at a necessary time, and 
the pressure can be equalized when the pressure of the air 
15 supply circuit is higher than the pressure of the exhaust circuit, 
thus making it possible to supply a predetermined amount of 
EGR gas and making a favorable EGR control possible. 



20 



Brief Description of the Drawings 



FIG. 1 is a block diagram of an EGR control system of 
an engine according to an embodiment of the present invention; 

FIG. 2 is a flow chart of a control method of the EGR 
system according to the embodiment; 
25 FIG. 3 to FIG. 7 show maps used in arithmetic 
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operations in a control flow in FIG. 2, 

FIG. 3 is a map of a target EGR valve opening degree, 

FIG. 4 is a map of a target EGR rate, 

FIG. 5 is a map of an EGR valve opening degree correction 
5 coefficient; 

FIG. 6 is a map of a bypass valve opening degree correction 

coefficient, and 

FIG. 7 is a map of a target bypass valve opening degree; 

FIG. 8 is a flow chart of an engine intake air flow rate 
10 arithmetic operation of step 101 in FIG. 2; 

FIG. 9 is a flow chart of a virtual EGR gas flow rate 
arithmetic operation of step 104 in FIG. 2; and 

FIG. 10 is a graph showing relationship between time, 
and an acceleration pedal depressing amount, an engine speed, 
15 boost pressure, an EGR valve opening degree and an EGR rate 
at a time of rapid acceleration of the engine according to the 
embodiment. 

Best Mode for Carrying out the Invention 

20 

An embodiment of a control method of an EGR system 
of an engine according to the present invention will be 
described in detail below with reference to the drawings. 

FIG. 1 is a block diagram showing an example of an 
25 EGR control system of an engine 1 with a supercharger. In 
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FIG. 1, a compressor 2a of a supercharger 2 takes in air, and 
sends the air by pressure to an intake manifold 5 via an 
after-cooler 3 through an air supply pipe 4. The air sent by 
pressure is burned with a fuel injected by a fuel injection pump 
5 7 inside an engine main body 6. An exhaust gas is sent to a 
turbine 2b of the supercharger 2 from an exhaust manifold 8 via 
an exhaust pipe 9, and after it drives the turbine 2b, it is 
released to an outside. The air supply pipe 4 is provided with 
a venturi 10, and a throat portion of the venturi 10 and the 
10 exhaust pipe 9 are connected by an EGR passage 11. The EGR 
passage 11 is provided with a cooler 12 and an EGR valve 13 
for adjusting an opening area of the EGR passage 11. The 
EGR valve 13 is driven by an EGR valve actuator 14. 

An upstream portion of the venturi 10 and the exhaust 
15 pipe 8 are connected by a bypass circuit 15, and the bypass 

circuit 15 is provided with a bypass valve 16 for adjusting an 
opening area of the circuit. The bypass valve 16 is driven by 
a bypass valve actuator 17. An after-cooler outlet pressure 
sensor 20 is provided at an outlet portion of the after-cooler 3, 
20 the venture 10 is provided with a throat pressure sensor 21, and 
the engine main body 6 is provided with an engine speed sensor 
22. The fuel injection pump 7 is provided with a fuel flow 
rate sensor 23, and the EGR passage 11 is provided with an EGR 
valve pressure difference sensor 24 for detecting a difference in 
25 pressure in front of and behind the EGR valve 13. A 
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controller 25 is connected to the after-cooler outlet pressure 
sensor 20, the throat pressure sensor 21, the engine speed 
sensor 22, the fuel flow rate sensor 23 and the EGR valve 
pressure difference sensor 24, and inputs detection values 
5 therein and performs a predetermined arithmetic operation. 
The controller 25 is connected to the EGR actuator 14 and the 
bypass valve actuator 17, and outputs control signals. 

A control method of the EGR system will be described 
in detail below. FIG. 2 is a flow chart showing an example of 

10 a control method corresponding to an environmental change, a 
load variation and the like at a time of a normal operation. 
This control performs an arithmetic operation at each 
predetermined time interval (for example, 0.01 seconds) 
continuously during an engine operation, and controls opening 

15 degrees of the EGR valve 13 and the bypass valve 16. In FIG. 
1 and FIG. 2, after starting the operation, the controller 25 
obtains, at each predetermined time interval, an air flow rate Qt 
taken into the engine 1 with the supercharger in the operational 
stale at the time in step 101. In step 102, the controller 25 

20 inputs detection values of an engine speed Ne, a fuel flow rate 
Qf, a EGR valve front and rear pressure difference A Pe 
therein from the engine speed sensor 22, the fuel flow rale 
sensor 23 and the EGR valve pressure difference sensor 24 in 
this operational slate. 

25 In step 103, the controller 25 arithmetically operates a 



11 

target EGR valve opening degree Le in the operational state 
from a map showing relationship of the target EGR valve 
opening degree Le which is previously set corresponding to the 
engine speed Ne and the fuel flow rate Qf, as shown in FIG. 3. 
5 The valve opening degree may be, for example, a valve lift 

amount. In step 104, the controller 25 arithmetically operates 
a virtual EGR gas flow rate Qe in the operational state from the 
EGR valve front and rear pressure difference A Pe inputted 
therein in step 102 and the target EGR valve opening degree Le. 
10 In step 105, the controller 25 arithmetically operates a virtual 
EGR rate $ c in the operational state with use of equation (1) 
from the air flow rate Qt obtained in step 101, the virtual EGR 
gas flow rate Qe obtained in step 104 and the fuel flow rate Qf 
obtained in step 102. 
15 $ c = Qe / (Qt + Qf) • • • • (1) 

In step 106, the controller 25 arithmetically operates a 
target EGR rate $ t in the operational state from a map 
showing relationship of the target EGR rate O t which is 
previously set corresponding to the engine speed Ne and the 
20 fuel flow rate Qf, as shown in FIG. 4. In step 107, the 

controller 25 arithmetically operates a difference ( <I) c - O t) 
or a ratio ($c/ $ t) of the virtual EGR rate O c and the target 
EGR rate O t. In step 108, the controller 25 arithmetically 
operates an EGR valve opening degree correction coefficient Je 
25 in the operational state based on the value of ( 0 c — 0 t) or 



(^) c / O t) obtained in step 107 from a map showing 
relationship between the c - ^ X) or c / 5) I), and the 
EGR valve opening degree correction coefficient Je, which is 
previously obtained, as shown in FIG. 5. In FIG. 5, when the 
5 value of (Oc - Ot)or(<l>c/ $ t) is smaller than a 

predetermined value, the value of Je is 1.0, and when the value 
of c — $t)or($c/ O t) is the predetermined value or 
more, the value of Je becomes a value Jel (for example, 0.5) 
which is not more than 1.0. Namely, at a time of a steady 
10 operation in which the virtual EGR rate $ c and the target EGR 
rate O t substantially correspond to each other, the value of Je 
is 1.0. In step 109, the controller 25 arithmetically operates a 
command EGR valve opening degree Lec in the operational 
state based on equation (2) from the target EGR valve opening 
15 degree Le obtained in step 103, and the EGR valve opening 
degree correction coefficient Je obtained in step 108. 
Lec = Je X Le • • • • (2) 
In step 110, the controller 25 outputs a control signal to 
the EGR valve actuator 14 based on the command EGR valve 
20 opening degree Lec obtained in step 109 to drive it, and makes 
the opening degree of the EGR valve 13 a predetermined 
opening degree. 

Next, the control method of the bypass valve 16 will be 
explained. As described above, when air supply pressure is 
25 higher than exhaust pressure, an EGR gas cannot be supplied lo 
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an air supply side favorably in some cases. Consequently, in 
order to equalize the supply pressure and the exhaust pressure, 
the bypass circuit 15 for connecting the air supply circuit and 
the exhaust circuit is provided, and the bypass valve 16 for 
5 opening and closing the bypass circuit 15 is provided. 

However, if the bypass valve 16 is opened when the exhaust 
pressure is higher than the supply pressure, the exhaust gas 
flows into the supply air and there arises the fear of reducing 
the engine performance. For this reason, when the exhaust 
10 pressure is higher than the supply pressure, the controller 25 
outputs a command signal to the bypass valve actuator 17 to 
close the bypass valve 16. Accordingly, the control of the 
bypass valve 16 is performed only when the supply pressure is 
higher than the exhaust pressure. 
15 In FIG. 2, after arithmetically operating ( 5> c — O t) 

or c / 3» t) in step 107, the controller 25 arithmetically 
operates a bypass valve opening degree correction coefficient 
Jb in the operational state based on the value of (3> c — 0 t) 
or (O c / O t) obtained in step 107 from a map showing 
20 relationship between (O c - $t)or(Oc/ O t), and the 

bypass valve opening degree correction coefficient Jb, which is 
previously set, as shown in FIG. 6, in step 111. In FIG. 6, 
when the value of (O c - 3>t)or(Oc/ O t) is smaller than a 
predetermined value, the value of Jb is 1.0, and when the value 
25 of(Oc — <l)t)or(Oc/ <1) t) is the predetermined value or 
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more, the value of Jb becomes a value Jbl (for example, 0.5) 
which is not more than 1.0. Namely, at a time of steady 
operation in which the virtual EGR rate O c and the target EGR 
rate t) substantially correspond to each other, the value of Jb 
5 is 1.0. In step 112, the controller 25 arithmetically operates a 
target bypass valve opening degree Lb in the operational state 
from a map showing relationship of the target bypass valve 
opening degree Lb, which is previously set corresponding to the 
engine speed Ne and the fuel flow rate Qf, as shown in FIG. 7. 
10 In step 113, the controller 25 arithmetically operates a 

command bypass valve opening degree Lbc in the operational 
state based on equation (3) from the target bypass valve 
opening degree Lb obtained in step 103, and the bypass valve 
opening degree correction coefficient Jb obtained in step 111. 
15 Lbc = Jb X Lb • • • • (3) 

In step 114, the controller 25 outputs a control signal to 
the bypass valve actuator 17 based on the command bypass 
valve opening degree Lbc obtained in step 113 to drive it, and 
makes the opening degree of the bypass valve 16 a 
20 predetermined opening degree. 

Detail of the arithmetic operations of step 101 and step 
104 will be explained. FIG. 8 is an arithmetic operation flow 
for obtaining the air flow rate Qt taken into the engine in the 
operational state in step 101 in the control flow in FIG. 2. In 
25 FIG. 8, in step S-1, the controller 25 inputs a detection value of 
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an after-cooler outlet pressure Pa therein from the after-cooler 
outlet pressure sensor 20. In step S-2, the controller 25 inputs 
a detection value of a throat pressure Pt therein from the throat 
pressure sensor 21. In step S-3, the controller 25 obtains the 
5 air flow rate Qt based on equation (4). 

Qt = Kt (Pa - Pt)*'^ .... (4) 
Here, Kt is a throat flow rate coefficient. 
FIG. 9 is an arithmetic operation flow for obtaining the 
virtual EGR gas flow rate Qe in the operational state in step 104 
10 in FIG. 2. In FIG. 9, in step S-10, the controller 25 

arithmetically operates an EGR valve flow rate coefficient Ke 
based on equation (5) with use of the target EGR valve opening 
degree Le obtained in step 103 in FIG. 2. 

Ke = f (Le) • • • • (5) 
15 In step S-11, the controller 25 inputs a detection value 

of the front-rear pressure difference A Pe of the EGR valve 13 
therein from the EGR valve pressure difference sensor 24. In 
step S-12, the controller 25 arithmetically operates the virtual 
EGR gas flow rate Qe based on equation (6). 
20 Qe = Ke ( A Pe)''^ .... (6) 

Next, a control of the EGR system at a time of rapid 
acceleration of the engine will be explained. FIG. 10 is a 
graph showing relationship of changes of a depressing amount 
A onto an accelerator pedal, the engine speed Ne, the exhaust 
25 manifold gas pressure Pe, a boost pressure Pt at the steady time. 
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a boost pressure Ps at the accelerating time, the EGR valve 
opening degree Le and the EGR rate 0 , with respect to a time 
H, for example, when the engine is rapidly accelerated after the 
engine is started, and the EGR valve is opened at a 
5 predetermined point of time. The horizontal axis represents 
the time H, and the vertical axis represents the depressing 
amount A onto the accelerator pedal, the engine speed Ne, the 
gas pressure P, the EGR valve opening degree Le and the EGR 

rate O , from the top. 
IQ In FIG. 10, after the engine is started, the accelerator 

pedal is depressed from 0% to 100% at a time HI. The engine 
speed Ne changes from an idling engine speed at the time HI to 
a rated engine speed. The boost pressure Ps at the time of 
acceleration becomes lower than the boost pressure Pt at the 
15 steady time during acceleration due to a delay in air flow, and 
the difference from the exhaust manifold gas pressure Pe 
becomes large. When the engine speed Ne reaches the 
vicinity of the rated engine speed, the Pt and the Ps become 
equal. Accordingly, the virtual EGR rate O c becomes larger 
20 than the steady time target EGR rate $ t during acceleration, 
and as the engine speed Ne is closer to the rated engine speed, 
the difference thereof becomes smaller. Since the fuel flow 
rate Qf is higher as compared with the engine intake air flow 
rale Qt immediately after the start, and the excess air ratio is 
25 low, the controller 25 outputs a command signal to start to open 
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the EGR valve 13 al a predetermined time H2. 

The opening degree of the EGR valve 13 hereinafter is 
controlled according to the process steps of the flow chart 
shown in FIG. 2. Namely, the controller 25 outputs the 
5 control signal to the EGR valve actuator 14 based on the 
command EGR valve opening degree Lec in the operational 
state obtained in step 109 to drive it, and makes the opening 
degree of the EGR valve 13 a predetermined opening degree. 
As a result, the EGR valve opening degree Le is in a shape after 
10 correction, which is shown by the solid line, and the EGR rate 
a> is in a shape after correction, which is shown by the solid 
line. When the EGR valve opening degree Le is opened as 
that without correction shown by the two-dot chain line, the 
EGR rate $ overshoots as that without correction shown by 
15 the two-dot chain line, and excessive EGR gas is supplied 

exceeding a predetermined EGR rate target range. However, 
according to this control method, the EGR rate 0 can be 
contained within the EGR rate target range without 
overshooting in a short time. 
20 When rapid acceleration is made with low output power 

of engine in a stale with the small EGR valve opening degree, 
or output power is abruptly increased because a large load 
variation occurs, the same control as in the case of the 
above-described rapid acceleration after the start is carried out. 
25 In the above-described embodiment, the engine inflow air flow 
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rate Ql is obtained by the arithmetic operation from the 
after-cooler outlet pressure Pa and the throat pressure Pt, but it 
may be directly measured by an air flow meter or the like. 

The control method of the EGR system of the engine of 
the present invention detects the pressure difference A Pe in 
front of and behind the EGR valve and obtains the virtual EGR 
rate to control the EGR valve and the bypass valve. Since the 
A Pe occurs even if the EGR gas does not flow, it becomes 
possible to control the EGR valve and the bypass valve at an 
early stage, and the actual EGR rate is controlled to be the 
target value without delay. Accordingly, smoke of the 
exhaust gas is reduced corresponding to the environmental 
change, a load variation, and the like at the time of the normal 
operation, and sufficient NOx reduction effect can be obtained. 
Since the EGR valve starts to be opened at a predetermined time 
at the time of rapid acceleration, and the EGR valve can be 
opened by making suitable correction within a short time, thus 
making it possible to obtain the NOx reduction effect without 
increasing smoke and PM. 



